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DSURWHLQVRXUFHLQIRRGLQGXVWU\LVDQDOWHUQDWLYHZKLFKOHDGVWRDEHWWHUDQGPRUHFRPSOHWHXVHRIWKLVE\SURGXFW%LRFKHPLFDO
FKDUDFWHULVWLFVRILQGXVWULDOO\SURGXFHGUDSHVHHGPHDOYDU\DQGWKHUHIRUHGHWDLOHGDQDO\VHVSULRUWRLWVXVHDVDSURWHLQVRXUFHLV
QHFHVVDU\7KHFRPPHUFLDOUDSHVHHGPHDOHYDOXDWHGLQWKLVVWXG\FRQWDLQHGKLJKSURWHLQDPRXQWDQGORZUHVLGXDOWRWDO
IDWV,WZDVFKDUDFWHUL]HGZLWKORZOHYHOVRIJOXFRVLQRODWHVPROJDQGSKHQROV$PLQR
DFLGDQDO\VLVUHYHDOHGO\VLQHDVWKHILUVWOLPLWLQJDPLQRDFLGZLWKDQDPLQRDFLGVFRUHRIIROORZHGE\YDOLQH
+RZHYHUWKLVE\SURGXFWZDVULFKLQOHXFLQHDQGLVROHXFLQHZKLFKDPLQRDFLGVFRUHVHTXDOHGWRDQGUHVSHFWLYHO\
7KH DPLQR DFLG VFRUH HYDOXDWLRQ GHPRQVWUDWHG UHODWLYHO\ KLJK DPRXQW RI VXOSKXU FRQWDLQLQJ DPLQR DFLGV  7KH
FRPPHUFLDO UDSHVHHGPHDO H[KLELWHG ORZ in vitro GLJHVWLELOLW\    7KH DOEXPLQ JOREXOLQ DQG JOXWHOLQ IUDFWLRQV
KRZHYHU H[SUHVVHG KLJKHU GLJHVWLELOLW\ ZLWK DOEXPLQ IUDFWLRQ EHLQJ WKH PRVW VXVFHSWLEOH    WR SHSVLQ DQG
SDQFUHDWLQSURWHRO\WLFDFWLYLWLHV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI$JURQRPLF6FLHQFHVDQG9HWHULQDU\0HGLFLQH%XFKDUHVW

Keywords:UDSHVHHGPHDOELRFKHPLFDOFKDUDFWHUL]DWLRQGLJHVWLELOLW\


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:YHVHODFKDORYD#JPDLOFRP
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest
56   Petya Ivanova et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  55 – 62 
,QWURGXFWLRQ
5DSHVHHGLVDPDMRURLOEHDULQJFURS)URPWRWKHZRUOGZLGHSURGXFWLRQRIUDSHVHHGVH[FHHGHGWKH
RQHRIWKHFRWWRQVHHGVWKXVWXUQLQJLW WRWKHVHFRQGPRVWLPSRUWDQWZRUOG¶VRLOVHHGSODQWDIWHUVR\EHDQ&DUUpDQG
3RX]HW'XULQJWKDWSHULRGRIWLPH&KLQD,QGLD&DQDGDDQG(XURSHDQ8QLRQFRQWULEXWHGWKHPRVWWRWKH
H[SDQVLRQ RI WKH UDSHVHHG SURGXFWLRQ ,Q %XOJDULD UDSHVHHG LV WKH VHFRQGPRVW FXOWLYDWHG RLOEHDULQJ FURS DIWHU
VXQIORZHU,QWKHVXUIDFHDUHDVRZQZLWKUDSHVHHGUHDFKHGKDZKLOHVHHGSURGXFWLRQHTXDOHG
WRQV 0LQLVWU\ RI $JULFXOWXUH DQG )RRG 5HSXEOLF RI %XOJDULD  $IWHU WKH HQKDQFHPHQW RI UDSHVHHG RLO
XWLOL]DWLRQ DV D IHHGVWRFN IRU ELRGLHVHO JHQHUDWLRQ WKH ZRUOGZLGH SURGXFWLRQ RI UDSHVHHGV KDV EHHQ SUHGLFWHG WR
LQFUHDVH&DUUpDQG3RX]HW
'XHWRWKHKLJKRLOFRQWHQWUDSHVHHGVDUHPDLQO\XVHGIRURLOSURGXFWLRQ7KH\DOVRFRQWDLQUHODWLYHO\KLJK
DPRXQWRISURWHLQVZKLFKPD\LQFUHDVHXSWRDIWHURLOH[WUDFWLRQ7KHUHPDLQLQJSURGXFWNQRZQDV
UDSHVHHGPHDOUHSUHVHQWVDSSUR[LPDWHO\RIWKHWRWDOTXDQWLW\RIWKHUDSHVHHGVXVHGIRURLOSURGXFWLRQ,YDQRYD
5DSHVHHGPHDOLVFKDUDFWHUL]HGZLWKDUHODWLYHO\EDODQFHGDPLQRDFLGFRPSRVLWLRQZLWKDQH[FHSWIRUO\VLQH
ZKLFKPDNHVLWDSSURSULDWHDVDSURWHLQULFKDGGLWLYHLQIHHGLQGXVWU\1HZNLUN+RZHYHULWVDSSOLFDWLRQDVD
IHHGLQJUHGLHQWLVOLPLWHGE\WKHSUHVHQFHRIDQWLQXWULHQWVDQGKLJKILEHUFRQWHQWZKLFKLPSDFWSURWHLQGLJHVWLELOLW\
DQGRYHUDOODQLPDOPHWDEROLVPV$VDUHVXOWDFRQVLGHUDEOHDPRXQWRIWKHDQQXDOUDSHVHHGPHDOUHPDLQVXQXWLOL]HG
WKXVFRQYHUWLQJLQWRDUDWKHUZDVWHSURGXFW
2WKHUWKDQXWLOL]HGIRUIHHGVXSSOHPHQWDWLRQWKHUDSHVHHGPHDOKDVWKHSRWHQWLDOWRVHUYHDVDQDOWHUQDWLYHSODQW
SURWHLQVRXUFHIRUKXPDQFRQVXPSWLRQ7DQHWDO+RZHYHUWKHTXDOLW\RIUDSHVHHGPHDOLVKLJKO\YDULDEOH
DQG LV GHSHQGHQW RQ YDULRXV IDFWRUV %HOO DQG -HIIHUV  /L HW DO  7KH W\SH RI UDSHVHHG FXOWLYDU
HQYLURQPHQWDOFRQGLWLRQVGXULQJJURZWKDVZHOODVVRLOW\SHDQGFRPSRVLWLRQDIIHFWWKHTXDOLW\RIWKHVHHGVZKLFKLQ
WXUQ GHWHUPLQHV WKH TXDOLW\ FKDUDFWHULVWLFV RI PDQXIDFWXUHG SURGXFWV %HOORVWDV 0XJXHU]D HW DO  6RPH
DOWHUDWLRQVLQUDSHVHHGVSURSHUWLHVGXULQJVWRUDJHPD\DOVRRFFXU7KHLQGXVWULDOSURFHGXUHRIRLOH[WUDFWLRQXVHGDV
ZHOODV WKHVHHGSUHWUHDWPHQWPD\H[HUWYDULDWLRQV LQDQWLQXWULHQWFRQFHQWUDWLRQVSURWHLQGLJHVWLELOLW\DQGDPLQR
DFLG FRPSRVLWLRQ RI UDSHVHHG PHDO 1HZNLUN DQG &ODVVHQ  $\WRQ  7KHUHIRUH D ELRFKHPLFDO
FKDUDFWHUL]DWLRQRILQGXVWULDOO\SURGXFHGUDSHVHHGPHDOSULRUWRLWVDSSOLFDWLRQDVDSURWHLQVRXUFHLQIRRGLQGXVWU\LV
QHFHVVDU\)XUWKHUPRUHZKLOHSXEOLVKHGGDWDREWDLQHGRQ UDSHVHHGPHDOSURGXFHGDQGDQDO\]HGXQGHU ODERUDWRU\
FRQGLWLRQV DUH DEXQGDQW VWXGLHV SHUIRUPHG RQ LQGXVWULDOO\ SURGXFHG UDSHVHHG PHDO DUH VFDUFH 7KH JRDO RI WKH
FXUUHQW VWXG\ZDV WRHVWDEOLVK WKHELRFKHPLFDOFKDUDFWHULVWLFVRI UDSHVHHGPHDO LQGXVWULDOO\SURGXFHG LQ%XOJDULD
7KHDPLQRDFLGFRPSRVLWLRQDVZHOODVLQYLWURUDSHVHHGPHDOSURWHLQGLJHVWLELOLW\ZDVDOVRHYDOXDWHG
0DWHULDODQG0HWKRGV
2.1. Material 
5DSHVHHGPHDOZDVSURYLGHGE\DORFDOFRPSDQ\,WZDVSURGXFHGDIWHUWKHUPDOWUHDWPHQWRIUDSHVHHGVDW
ɋDQGRLOH[WUDFWLRQZLWKKH[DQHDWɋ7KHLQGXVWULDOO\SURGXFHGUDSHVHHGPHDOZDVDGGLWLRQDOO\JULQGHG
DQGVLIWHGWRFROOHFWPPSDUWLFOHVZKLFKZHUHXVHGIRUDQDO\VHV$OOUHDJHQWVXVHGZHUHRIDQDO\WLFDOJUDGH

Biochemical characterization of rapeseed meal

7RWDOQLWURJHQZDVGHWHUPLQHGE\.MHOGDO¶VPHWKRGDQGPXOWLSOLHGE\WRFRQYHUWWRFUXGHSURWHLQ7RPRYHW
DO%LXUHWPHWKRG$$&&ZDVXVHGWRHYDOXDWHSURWHLQFRQWHQWLQH[WUDFWVZKHQHYHULWZDVQHHGHG
%RYLQH VHUXP DOEXPLQ ZDV XVHG IRU VWDQGDUG FXUYH JHQHUDWLRQ &UXGH IDW FRQWHQW RI WKH UDSHVHHG PHDO ZDV
GHWHUPLQHG E\ 6R[KOHW H[WUDFWLRQ PHWKRG ,62  )LEHU DQG DVK FRQWHQWV ZHUH GHWHUPLQHG E\ ,&&
6WDQGDUGʋDQG,&&6WDQGDUGʋUHVSHFWLYHO\7RWDOSKHQROVZHUHH[WUDFWHGDVGHVFULEHE\9LOODQXHYDHW
DO  DQG TXDQWLILHG E\ XVLQJ)ROLQ&LRFDOWHX UHDJHQW $LQVZRUWK DQG*LOOHVSLH 7RWDO JOXFRVLQRODWHV
ZHUH HYDOXDWHG DV GHVFULEHG E\ -H]HN HW DO  7KH PHWKRG LV EDVHG RQ VSHFWURSKRWRPHWULF HYDOXDWLRQ RI
JOXFRVLQRODWHVDIWHUDONDOLQHK\GURO\VLVDQGUHGXFWLRQZLWKSRWDVVLXPIHUULF\DQLGH6LQLJULQZDVXVHGIRUVWDQGDUG
FXUYHJHQHUDWLRQ
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2.3. Amino acid analysis and amino acid score calculation 
$PLQR DFLGV ZHUH DQDO\]HG E\ XVLQJ *DV &KURPDWRJUDSK\±0DVV 6SHFWURPHWU\ *&06 $JURELRLQVWLWXWH
6RILD%XOJDULD7KHVDPSOHZDVK\GURO\]HGZLWK1+&ODQG O\RSKLOL]HG7KHDPLQRDFLGVZHUHGHULYDWL]HGE\
VLO\ODWLRQDQGHYDOXDWHGE\XVLQJDJDVFKURPDWRJUDSK$JLOHQW*&DQGDPDVVVSHFWUDOGHWHFWRU$JLOHQW0'
 $JLOHQW 7HFKQRORJLHV ,QF:LOPLQJWRQ '( 1,67¶ 1DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7HFKQRORJ\
86$DQGWKH*ROP0HWDERORPH'DWDEDVHVKWWSFVEGEPSLPSJROPPSJGHFVEGEJPGJPGKWPOZHUHXVHGWR
LGHQWLI\ WKH DPLQR DFLGV LQ UDSHVHHG PHDO $PLQR DFLG VFRUH ZDV FDOFXODWHG DV D UDWLR RI WKH DPRXQW RI HDFK
HVVHQWLDODPLQRDFLGGHWHUPLQHGLQWKHUDSHVHHGPHDOJJSURWHLQDQGWKHDPRXQWRIWKHUHVSHFWLYHDPLQRDFLG
LQ DQ ³LGHDO´ SURWHLQ JJSURWHLQ DV VWDWHG E\ WKH)RRG DQG$JULFXOWXUH2UJDQL]DWLRQRI WKH8QLWHG1DWLRQV
)$2

2.4. Digestibility of rapeseed meal protein and rapeseed meal protein fractions 

$OEXPLQJOREXOLQDQGJOXWHOLQIUDFWLRQVZHUHREWDLQE\DWULSOHH[WUDFWLRQRIUDSHVHHGPHDOZLWKZDWHUS+
1D&OɪɇDQG1D2+ɪɇUHVSHFWLYHO\+\GURPRGXOHVVROLGOLTXLGUDSHVHHGPHDODQG
DQGH[WUDFWLRQFRQWLQXDQFHRI PLQPLQDQGPLQIRU WKHILUVWVHFRQGDQGWKLUGH[WUDFWLRQVZHUH
XVHG7KHH[WUDFWVIRUHDFKIUDFWLRQZHUHPL[HGDQGGLJHVWLELOLW\ZDVGHWHUPLQHGDVGHVFULEHGE\&DOVDPLJOLDDQG
6WHUQ ZLWK VRPHPRGLILFDWLRQV%ULHIO\ D VDPSOHFRQWDLQLQJSURWHLQZDVGLJHVWHGZLWKPJSHSVLQ
8J6LJPD$OGULFK6W/RXLV02GLVVROYHGLQPO1+&OIRUKDWɋ7KHUHDFWLRQPL[WXUHZDV
QHXWUDOL]HGZLWK11D2+IROORZHGE\ DQDGGLWLRQRIPJSDQFUHDWLQ 8J6LJPD$OGULFK6W/RXLV
02GLVVROYHGLQPOɆSKRVSKDWHEXIIHUS+DQG0VRGLXPD]LGH$IWHUKLQFXEDWLRQDWɋ
QRQK\GURO\]HGSURWHLQZDVSUHFLSLWDWHGZLWKPOWULFKORURDFHWLFDFLGDQGUHPRYHGIURPWKHUHDFWLRQPL[WXUH
E\ FHQWULIXJDWLRQ IRU PLQ DW  USP 7KH GHJUHH RI K\GURO\VLVZDV FDOFXODWHG DV D UDWLR RI WKH DPRXQW RI
VROXEOH ĮDPLQR QLWURJHQ LQ WKH VXSHUQDWDQW DQG WKH VDPSOH 1 XVHG LQ WKH DVVD\ $OIDDPLQR QLWURJHQ LQ WKH
VXSHUQDWDQWZDV HVWLPDWHGE\QLQK\GULQPHWKRG DV JO\FLQHZDVXVHG WRJHQHUDWH D VWDQGDUG FXUYH 1DYDUUHWHGHO
7RURDQG*DUFtD&DUUHxR&RQWUROH[SHULPHQWVZLWKRXWHQ]\PHDGGLWLRQVZHUHDOVRSHUIRUPHG
 
2.5. Statistical analysis 

3UHVHQWHG GDWD DUH DYHUDJHG PHDQV RI DW OHDVW WKUHH LQGHSHQGHQW H[SHULPHQWV  VWDQGDUG GHYLDWLRQ 6'
6WDWLVWLFDODQDO\VLVZDVSHUIRUPHGZLWKWKHSURJUDP,%063666WDWWLVWLFV6RPHUV1<86$
5HVXOWVDQG'LVFXVVLRQV
3.1. Production of rapeseed in Bulgaria 

'XHWRLWVKLJKRLOFRQWHQWUDSHVHHGLVDQHFRQRPLFDOO\LPSRUWDQWVRXUFHIRUSURGXFWLRQRIYHJHWDEOHRLO
ZKLFK LV VXEVHTXHQWO\ XVHG IRU HLWKHU IRRG RU WHFKQLFDO SXUSRVHV &XUUHQWO\ (XURSHDQ 8QLRQ  LV D OHDGLQJ
SURGXFHURIELRGLHVHOIXHOZKLFKLVFRQVLGHUHGDQDFFHSWDEOHVXEVWLWXWHRISDUDIILQLFGLHVHORLOGXHWRVLPLODULWLHVLQ
WKHPROHFXODUFRPSRVLWLRQRIERWKIXHOV6DNDDQG.XVGLDQD&RUQJUDLQHWKDQRODQGVR\EHDQELRGLHVHODUH
WKHWZRSUHGRPLQDQWDOWHUQDWLYHWUDQVSRUWDWLRQIXHOVLQWKH8QLWHG6WDWHV0DQXHO,Q%XOJDULDWKHSURGXFWLRQ
DQGXWLOL]DWLRQRIELRGLHVHO LV VWLPXODWHGE\ WKH1DWLRQDO ORQJWHUPSURJUDP WRSURPRWHXVHRI UHQHZDEOH HQHUJ\
VRXUFHV GXULQJ  KWWSZZZVWUDWHJ\EJ6WUDWHJLF'RFXPHQWV  $V D UHVXOW WKH KLJKHVW SURGXFWLRQ RI
UDSHVHHG LQ%XOJDULDZDVREVHUYHG LQ  W IROORZHGE\  W )LJXUH$IWHU DOPRVW D
IROGGHFUHDVHGXULQJWWKHSURGXFWLRQRIWKHUDSHVHHGGXULQJWDOPRVWGRXEOHGWKH
RQHREWDLQHGWZR\HDUVDJR


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
)LJ5DSHVHHGSURGXFWLRQLQ%XOJDULDIURPWR
'DWDVRXUFH0LQLVWU\RI$JULFXOWXUHDQG)RRG5HSXEOLFRI%XOJDULDGHSDUWPHQWRI$JURVWDWLVWLFV
7UDGLWLRQDOO\ WKHYHJHWDEOHRLO LQ%XOJDULD LVSURGXFHGPDLQO\IURPVXQIORZHUVHHGV7KH LQFUHDVHG LQWHUHVW WR
UDSHVHHGFDQRODVHHGVDVDQDOWHUQDWLYHUDZPDWHULDOIRUYHJHWDEOHIDWVLVGHWHUPLQHGE\KLJKHUSURGXFWLYLW\NJKD
DQGKLJKHUGHPDQGRIUDSHVHHGVDWLQWHUQDWLRQDOPDUNHWVFRPSDUHGWRWKRVHRIWKHVXQIORZHU+RZHYHURQO\DSDUW
RIWKHUDSHVHHGVSURGXFHGLQ%XOJDULDLQZDVSURFHVVHGZLWKWKHUHPDLQLQJEHLQJH[SRUWHG7DEOH
 
7DEOH5DSHVHHGSURFHVVLQJLQ%XOJDULDGXULQJ
'DWDVRXUFH1DWLRQDOJUDLQGHSDUWPHQW
7DEOHLVLQFRPSOHWHGXHWRGDWDXQDYDLODELOLW\ 
 
3.2. Biochemical characteristics of rapeseed meal 

%LRFKHPLFDOFRPSRVLWLRQRIUDSHVHHGPHDOLVLPSRUWDQWHVSHFLDOO\ZKHQLWLVXVHGDVDVRXUFHIRUWKHSURGXFWLRQ
RI SURWHLQ GHULYDWLYHV LQFOXGLQJ LVRODWHV FRQFHQWUDWHV RU K\GURO\VDWHV IRU DSSOLFDWLRQ LQ IRRG LQGXVWU\ ,W LV
FKDUDFWHUL]HGZLWKUHODWLYHO\KLJKYDULDELOLW\ZKLFKLVSDUWLDOO\GXHWRUDSHVHHGYDULHWLHVXVHGIRUWKHSURGXFWLRQRI
WKH UDSHVHHGPHDO DQG HQYLURQPHQWDO IDFWRUVZKLFK LQIOXHQFH VHHGGHYHORSPHQW %HOO DQG.HLWK /L HW DO
%\VWXG\LQJWKHQXWULWLYHDQGPLQHUDOFRPSRVLWLRQRIFRPPHUFLDOUDSHVHHGPHDOVIURPVHYHQFDQRODFUXVKLQJ
SODQWVLQ:HVWHUQ&DQDGD%HOODQG.HLWKHVWDEOLVKHGKLJKYDULDELOLW\LQFUXGHSURWHLQFRQWHQWVUDQJLQJIURP
WR7KHFRPPHUFLDOUDSHVHHGPHDOXVHGLQRXUVWXG\FRQWDLQHGUHODWLYHO\KLJKDPRXQWRIFUXGHSURWHLQ
ZKLFKLVDQHFHVVDU\SUHUHTXLVLWHIRUDIXUWKHUSRWHQWLDOSUHSDUDWLRQRISURWHLQLVRODWHVRUFRQFHQWUDWHVIRU
IRRGLQGXVWU\7DEOH







 0RQWKV
ȱ ȱȱ ȱȱȱ ȱ9 9 9ȱ 9ȱȱ 9ȱȱȱ ȱɏ ɏ ɏȱ ɏȱȱ
3URFHVVHGUDSHVHHGWRQV            
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7DEOH&KHPLFDOFRPSRVLWLRQRIUDSHVHHGPHDO
&RPSRQHQW &RQWHQW
&UXGHSURWHLQ 
$VK 
7RWDOIDWV 
7RWDOILEHU 
3KHQROV 
7RWDOJOXFRVLQRDOWHV PROJ
&DOFXODWHGRQDGU\PDWWHUEDVLV
$FFRUGLQJWR$\WRQSURWHLQFRQWHQWLQUDSHVHHGVLVJHQHWLFDOO\GHWHUPLQHGDQGLVLQYHUVHO\UHODWHGWRRLO
FRQWHQW6LQFH WKHSULPDULO\ XWLOL]DWLRQRI UDSHVHHGV LV WKHRLOSURGXFWLRQEUHHGLQJ IRUYDULHWLHVZLWKDKLJKHURLO
FRQWHQWZRXOG UHVXOW WR UDSHVHHGPHDO FRQWDLQLQJ ORZHUSURWHLQDPRXQW7KHKLJKFRQWHQWRI WRWDO ILEHU 
7DEOH LV UHODWHG WR WKHSUHVHQFHRI UDSHVHHGKXOOV LQ WKHPHDO ,QFRQWUDVW WR VXQIORZHUDQGVR\EHDQVHHGV WKH
KXOOVRIWKHUDSHVHHGVDUHGLIILFXOWWRUHPRYHDQGWKHUHIRUHWKHFRPPHUFLDOUDSHVHHGPHDOLVXVXDOO\XQGHFRUWLFDWHG
0DWWKlXV  +LJK ILEHU FRQWHQW RI LQGXVWULDOO\ SURGXFHG UDSHVHHG PHDO LV QXWULWLRQDOO\ QRQDGYDQWDJHRXV
ZKLFK OLPLWV WKH DSSOLFDWLRQ RI WKH UDSHVHHG PHDO LQ IHHG LQGXVWU\ .KDMDOL DQG 6ORPLQVNL  $OWKRXJK
GHKXOOLQJRI UDSHVHHGVZDV UHSRUWHG WR UHGXFH WRWDO ILEHUFRQWHQWE\.UDFKWHWDOFXUUHQWO\ LW LVQRW
SUDFWLFHGXQGHU LQGXVWULDOFRQGLWLRQVGXHWRSRVVLEOHRLO ORVVDQGH[FHVVLYHILQHQHVVRIWKHUDSHVHHGPHDO.KDMDOL
DQG6ORPLQVNL,QDGGLWLRQXQLWFRVWRISURGXFWLRQLQFUHDVHVLIGHKXOOLQJLVLQFOXGHGDVDVWHSRIWKHUDSHVHHG
PHDOSURGXFWLRQ6KLUHVHWDO
,WLVW\SLFDOIRUUDSHVHHGPHDOWKDWLVSURGXFHGDIWHURLOH[WUDFWLRQZLWKVROYHQWVWRFRQWDLQOHVVWKDQUHVLGXDORLO
$\WRQ7KHWRWDOIDWVFRQWDLQHGLQWKHUDSHVHHGPHDOHYDOXDWHGLQRXUVWXG\GLGQRWH[FHHG7DEOH
*OXFRVLQRODWHVDUHDODUJHJURXSRIVXOSKXUFRQWDLQLQJVHFRQGDU\PHWDEROLWHVLQFUXFLIHURXVSODQWV2QFHLQORZHU
JXW WKH\ PLJKW EH GHJUDGHG E\ SUHVHQW PLFURELDO SRSXODWLRQ 5HVXOWLQJ EUHDN GRZQ SURGXFWV LQFOXGLQJ
LVRWKLRF\DQDWHVJRLWULQQLWULOHVDQGWKLRF\DQDWHVFRXOGKDYHDQHJDWLYHHIIHFWRQWKHIXQFWLRQRIWK\URLGJODQGDQG
RYHUDOOJURZWKSHUIRUPDQFH7ULSDWKLDQG0LVKUD*OXFRVLQRODWHVFRQWHQWLVJHQHWLFDOO\GHWHUPLQHGDQGPD\
YDU\ IURP    ȝPROJ LQ VHOHFWHG E\ WKLV SDUDPHWHU YDULHWLHV 1HZNLUN HW DO  WR  ȝPROJ LQ
WUDGLWLRQDO UDSHVHHG YDULHWLHV 1HZNLUN  ,QGXVWULDOO\ SURGXFHG UDSHVHHG PHDO XVHG LQ RXU VWXG\ H[KLELWHG
UHODWLYHO\ORZWRWDOJOXFRVLQRODWHFRQWHQWPROJZKLFKKRZHYHULVGLIILFXOWWRUHODWHWRDVSHFLILFYDULHW\
6LQFHWKLVVSHFLILFFRPPHUFLDOUDSHVHHGPHDOLVSURGXFHGRIPL[HGUDSHVHHGFXOWLYDUVWKHORZHUJOXFRVLQRODWHOHYHO
LV SUREDEO\ GXH WR SURFHVVLQJ SDUDPHWHUV RI WKH RLO SURGXFWLRQ %HOO DQG .HLWK  0DQVRXU HW DO 
UHSRUWHGUHGXFWLRQRIJOXFRVLQRODWHVFRQWHQWVIURPWRDIWHUKHDWWUHDWPHQWRIUDSHVHHGV
0RVWRIWKHSKHQROLFFRPSRXQGVDYDLODEOHLQUDSHVHHGVUHPDLQLQWKHPHDODIWHURLOH[WUDFWLRQ1RJDOD.DOXFND
DQG6LJHU ,Q ORZFRQFHQWUDWLRQV WKH\DFWDVDQWLR[LGDQWVDQGPD\SUHYHQW IRRGIHHG IURPDXWRR[LGDWLRQ
+RZHYHULQKLJKHUDPRXQWVWKH\PD\ELQGSURWHLQVDQGGLJHVWLYHHQ]\PHVWKXVUHGXFLQJWKHQXWULWLRQDOTXDOLW\RI
UDSHVHHGSURWHLQ,QDGGLWLRQUDSHVHHGSKHQROLFVDUHFRQWULEXWLQJWRWKHELWWHUWDVWHDVWULQJHQF\DQGWKHGDUNFRORURI
WKHUDSHVHHGPHDOWKXVLQIOXHQFLQJWKHRYHUDOOVHQVRULDOSHUFHSWLRQ=XP)HOGHHWDO7KHWRWDOSKHQROLFVLQ
WKH UDSHVHHGPHDO XVHG LQ RXU VWXG\ HTXDOHG  7KHUHIRUH DQ\ IXWXUH SRWHQWLDO DSSOLFDWLRQ DV D VRXUFH IRU
SUHSDUDWLRQRISURWHLQLVRODWHVRUFRQFHQWUDWHVIRUIRRGSXUSRVHVPD\UHTXLUHDGGLWLRQDOVWHSVDLPLQJWKHUHGXFWLRQRI
WKHLUTXDQWLW\9RQGHU+DDUHWDO

3.3. Amino acid composition of rapeseed meal 
 
$PLQRDFLGDQDO\VLVRIWKHLQGXVWULDOO\SURGXFHGUDSHVHHGPHDOUHYHDOHGO\VLQHDVDILUVWOLPLWLQJDPLQRDFLGZLWK
DQDPLQRDFLGVFRUHRIIROORZHGE\YDOLQH7DEOH7KHHVWDEOLVKHGO\VLQHDQGYDOLQHFRQWHQWV
ZHUH FORVH WR WKDW RI WKH VXQIORZHU PHDO HYDOXDWHG E\ ,YDQRYD  7KH UHODWLYHO\ JRRG FRQWHQW RI VXOSKXU
FRQWDLQLQJDPLQRDFLGV LQ WKHVWXGLHGUDSHVHHGPHDOKRZHYHUFRXOGSDUWLDOO\FRPSHQVDWH WKHGHILFLHQF\RI WKHVH
60   Petya Ivanova et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  55 – 62 
DPLQRDFLGVREVHUYHGLQWKHPDMRULW\RISODQWSURWHLQV%XUVWLQHWDO7KHVWXGLHGUDSHVHHGPHDODSSHDUHGD
UHODWLYHO\JRRGVRXUFHRIOHXFLQHDQGLVROHXFLQH7DEOH7KHVHDPLQRDFLGVEHORQJWRWKHJURXSRIEUDQFKHGFKDLQ
DPLQRDFLGV7KH\DUHSULPDULO\PHWDEROL]HGE\PXVFOHVDQGVWUHVVFRQGLWLRQVVXFKDVVXUJHU\ WUDXPD LQIHFWLRQV
DQG VWDUYDWLRQ UHTXLUH SURSRUWLRQDWHO\ PRUH OHXFLQH DQG LVROHXFLQH WKDQ RWKHU DPLQR DFLGV .LQQH\ DQG (OZ\Q
'HFUHDVHGOHYHOVRIOHXFLQHDQGLVROHXFLQHDQGWKHUHIRUHLQFUHDVHGQHFHVVLW\IRUH[WHUQDOVXSSOHPHQWDWLRQDUH
REVHUYHGLQSDWLHQWVZLWKOLYHUGLVHDVHVXFKDVKHSDWLWLVKHSDWLFFRPDFLUUKRVLVDQGH[WUDKHSDWLFELOLDU\DWUHVLD
7DEOH(VVHQWLDODPLQRDFLGFRPSRVLWLRQRIUDSHVHHGPHDO
$PLQRDFLG ³,GHDOSURWHLQ´
JJSURWHLQ
5DSHVHHGPHDO
JJSURWHLQ
$PLQRDFLGVFRUH
9DOLQH   
/HXFLQH   
,VROHXFLQH   
7KUHRQLQH   
/\VLQH   
0HWKLRQLQH&\VWHLQH   
3KHQ\ODODQLQH7\URVLQH   
$PLQRDFLGFRPSRVLWLRQRIDQ³LGHDO´SURWHLQ)$2
,Q JHQHUDO DUJLQLQH DQG KLVWLGLQH DUH QRW FRQVLGHUHG HVVHQWLDO DPLQR DFLGV VLQFH WKH\ FDQ EH V\QWKHVL]HG E\
KXPDQ ERG\+RZHYHU XQGHU VSHFLILF FRQGLWLRQV LQFOXGLQJ GLVHDVH RU WUDXPD UHFRYHU\ WKH FRQFHQWUDWLRQ RI WKH
DUJLQLQHLQEORRGSODVPDPD\GHFUHDVH%HFDXVHRIWKHDEVHQFHRIDQ\FRPSHQVDWRU\PHFKDQLVPWKHUHVWRUDWLRQRI
WKHRSWLPXPOHYHOVRIWKHDUJLQLQHFDQEHDFKLHYHGE\LQWDNHRIIRRGULFKLQWKLVDPLQRDFLG&DVWLOORHWDO
/LNHDUJLQLQHKLVWLGLQH LVDFRQGLWLRQDOO\HVVHQWLDODPLQRDFLG:KLOHPDWXUH LQGLYLGXDOVFDQV\QWKHVL]HKLVWLGLQH
LQIDQWV OHVV WKDQ WKUHHPRQWKVROGUHO\RQH[WHUQDOKLVWLGLQHULFKVRXUFHV WRSURYLGHRSWLPXPOHYHOVRI WKLVDPLQR
DFLG UHTXLUHG IRU WKHLUPHWDEROLVP 3HQFKDU] DQG %DOO  7KH UDSHVHHGPHDO SURWHLQ DQDO\VHG LQ WKLV VWXG\
FRQWDLQHGUHODWLYHO\KLJKDPRXQWVRIDUJLQLQHDQGKLVWLGLQH7DEOHDQGWKHUHIRUHFRXOGEHXVHG
DVDVXSSOHPHQWWRLPSURYHELRORJLFDOYDOXHDQGDPLQRDFLGFRPSRVLWLRQRIIRRG

3.4. Digestibility of rapeseed meal protein and rapeseed meal protein fractions 

,QYLWURDQDO\VLV UHYHDOHG ORZGLJHVWLELOLW\RI WKHFRPPHUFLDO UDSHVHHGPHDOZKHQSHSVLQDQGSDQFUHDWLQZHUH
XVHGDVSURWHRO\WLFHQ]\PHV 7DEOH ,W LVSUREDEO\GXH WR WKHFRQIRUPDWLRQDOFKDQJHVRISURWHLQV WKDW
PD\RFFXUGXULQJUDSHVHHGVWUHDWPHQWDQGRLOH[WUDFWLRQ3DVWXV]HZVNDHWDO,QWHUDFWLRQRIWKHSURWHLQVZLWK
RWKHU FRPSRXQGV SUHVHQW LQ WKH UDSHVHHGPHDO FRXOG DOVR GHFUHDVH SURWHLQ GLJHVWLELOLW\ 5DSHVHHG KXOOV FRQWDLQ
LQVROXEOH WDQQLQVZKLFK DPRXQWPD\ UHDFK XS WR  RI WRWDO WDQQLQV .KDMDOL DQG 6ORPLQVNL  7KH\ DUH
FDSDEOH RI FRPSOH[LQJ ZLWK SURWHLQV LQFOXGLQJ SURWHRO\WLF HQ]\PHV WKXV GHFUHDVLQJ SURWHLQ GLJHVWLELOLW\ /RZ
GLJHVWLELOLW\RIUDSHVHHGSURWHLQZDVREVHUYHGE\%RVHWDOZKRVWXGLHGWKHQXWULWLRQDOTXDOLW\RIUDSHVHHGE\
PHDVXULQJ LWV UHDO LGHDO GLJHVWLELOLW\ DQG SRVWSUDQGLDO QHW SURWHLQ XWLOL]DWLRQ LQ KXPDQV $FFRUGLQJ WR WKH VDPH
DXWKRUVKRZHYHUWKHORZGLJHVWLELOLW\RIWKHUDSHVHHGSURWHLQZDVFRPSHQVDWHGE\H[FHOOHQWSRVWSUDQGLDOQLWURJHQ
UHWHQWLRQDQGKLJKPHWDEROLFXWLOL]DWLRQZKLFKZDVFRPSDUDEOHWRWKDWRIPLONSURWHLQ
+LJKHUGHJUHHVRIK\GURO\VHVZHUHREVHUYHGDW UDSHVHHGSURWHLQIUDFWLRQVZLWKDOEXPLQDQGJOREXOLQEHLQJ WKH
PRVWVXVFHSWLEOHWRSHSVLQDQGSDQFUHDWLQGHJUDGDWLRQ7DEOH1DSLQDOEXPLQDQGFUXFLIHULQJOREXOLQDUHWKH
SUHGRPLQDQWVWRUDJHSURWHLQVRIUDSHVHHGVDQGDFFRXQWIRUPRUHWKDQRIWRWDOUDSHVHHGSURWHLQ9RQGHU+DDUHW
DO6LPLODUUHVXOWVZHUHREWDLQHGE\1DJHOHWDOZKRHYDOXDWHGWKHDSSOLFDELOLW\RIUDSHVHHGDOEXPLQ
DQGJOREXOLQIUDFWLRQVDVDVXEVWLWXWHRIILVKPHDOLQGLHWVIHGWRUDLQERZWURXW7KHVWXG\GHPRQVWUDWHGWKDWDOEXPLQ
FRQFHQWUDWHSURGXFHGIURPUDSHVHHGPHDOFDQEHHIILFLHQWO\XVHGWRUHSODFHRIWKHGLHWDU\ILVKPHDOLQUDLQERZ
WURXWGLHWV,QRXUVWXG\JOXWHOLQIUDFWLRQH[KLELWHGWKHORZHVWGLJHVWLELOLW\7KLVIUDFWLRQZDVSUHSDUHGE\
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DONDOLQH H[WUDFWLRQ DW ɪɇ  ZKLFK PRVW SUREDEO\ LQIOXHQFHG SURWHLQ FRQIRUPDWLRQ DQG LQWHUDFWLRQ ZLWK RWKHU
FRPSRXQGVDQGDVDFRQVHTXHQFHWKHGHJUHHRIK\GURO\VLVDVZHOO
7DEOH1RQHVVHQWLDODPLQRDFLGFRPSRVLWLRQRIUDSHVHHGPHDO
$PLQRDFLG 5DSHVHHGPHDO
JJSURWHLQ
$ODQLQH 
3UROLQH 
*O\FLQH 
6HULQH 
$VSDUWLFDFLG 
*OXWDPLFDFLG 
$VSDUDJLQH 
$UJLQLQH 
+LVWLGLQH 
7DEOH'LJHVWLELOLW\RIUDSHVHHGPHDOSURWHLQDQGUDSHVHHGPHDOSURWHLQIUDFWLRQV
6DPSOH 'HJUHHRIK\GURO\VLV
5DSHVHHGPHDO 
5DSHVHHGPHDODOEXPLQ 
5DSHVHHGPHDOJOREXOLQ 
5DSHVHHGPHDOJOXWHOLQ 
&RQFOXVLRQV
7KHFRPPHUFLDOUDSHVHHGPHDOSURGXFHGLQ%XOJDULDFRQWDLQHGDUHODWLYHO\KLJKSURWHLQFRQWHQWDQGORZOHYHORI
DQWLQXWULHQW FRPSRXQGVZKLFK LV DQ LPSRUWDQWSUHUHTXLVLWHZKHQ WKLVE\SURGXFW LVGHVLJQDWHG IRUSUHSDUDWLRQRI
SURWHLQ LVRODWHVFRQFHQWUDWHV IRU IRRG SXUSRVHV 'XH WR WKH KLJK DPRXQWV RI OHXFLQH LVROHXFLQH DQG VXOSKXU
FRQWDLQLQJDPLQRDFLGVWKHUDSHVHHGPHDOSURWHLQFRXOGVHUYHDVDVXSSOHPHQWWRLPSURYHELRORJLFDOYDOXHDQGWKH
DPLQRDFLGFRPSRVLWLRQRIIRRG7KHUHODWLYHO\KLJKin vitroGLJHVWLELOLW\RIDOEXPLQDQGJOREXOLQIUDFWLRQVPDNHV
WKHSURWHLQVLVRODWHGIURPLQGXVWULDOO\SURGXFHGUDSHVHHGPHDODOWHUQDWLYHVXEVWLWXWHVIRURWKHUSODQWSURWHLQVXVHGLQ
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